Seed irradiation during pre-sowing processes is one of the most effective methods to increase plant growth, yield components and its chemical composition. A three factor split-split plot, factorial experiment was conducted on barley to study seed irradiation, biofertilization with N2 fixing bacteria (NFB), P-dissolving bacteria (PDB) and N fertilization in the Agricultural Research Station of El-Zagazig University at El-Khattara region, El-Sharkia Governorate, Egypt during 2009/2010 season. Main plots were assigned to gamma irradiation: non-radiated, 20 and 40 Gy gamma radiations. Sub-plots were assigned to N: 0, 119, 238 and 298 kg N ha -1 . Sub-sub plots were assigned to biofertilization: none, (Azospirillum lipoferum + Bacillus polymxa "NFB1"), (Azospirillium braselence + Azotobacter chroccocum "NFB2"+Bacillus megatherium "PDB") and NFB1 + NFB2 + PDB. The NFB1 was given in a commercial product of "Cerealin" while (NFB2 + PDB) was in a product of Microbin. Barley yield and yield components as well as N, P and K content and uptake increased by gamma irradiation, N rates and biofertilization singly or combined. Number of spike per m 2 , grain weight per spike, yields of: grains + straw, grains and straw increased also, highest response occurred by N238 + (Cerealin + Microbin) with 40Gy gamma ray. The highest straw yield was observed due to N179 + (Cerealin + Microbin) with 40Gy gamma ray. Treatment of N179 + Cerealin with 40Gy gamma ray gave highest Nuptake in straw, as well as P-uptake in grains and straw. Protein content and protein yield increased by treatments especially with increasing N rate up to N298 + Microbin + 20Gy and gave highest protein content. Nitrogen use efficiency (NHI) was increased with increasing N rates up to N238 followed by decrease at N298.
INTRODUCTION
Barley (Hordeum vulgare L.) is one of the most important cereal crops in Egypt. Total production of barley in Egypt reached 102000 megagrams (Mg) in 2011, produced from an area of 65000 ha, (FAO, 2012) . Recently, a great attention has been directed to increase the productivity of barley to minimize the gap between the production and consumption. Gamma radiation can be useful for the alteration of physiological characters (Kiong et al., 2008) . The biological effect of gamma rays is based on the interaction with atoms or molecules in the cell, particularly water, to produce free radicals ( Kovacs and Keresztes 2002) . Seed irradiation during the pre-sowing is one of the effective methods to improve plant production, yield components and chemical composition. Gamma ray ionizes molecules and causes free radicals that attack DNA molecules which break one or two chains of DNA (Jyoti et al., 2009 ). Artik and Peksen (2006) investigated the effect of gamma irradiation of 25, 50, 75 and 100 Gy, they found that low doses of stimulated cell division, growth and development of faba bean plants. Rahimi and Abdallah (2011) reported that doses of 25 and 50Gy were the most effective for increasing grain yield, harvest index and grain protein content of wheat. Farag and El-Khawaga, (2013) found that gamma irradiation in a low dose (10, 20 and 30Gy), increased seed yield of sesame plants.
Extending the role of biofertilizers can reduce the need for chemical fertilizers, decrease adverse environmental effects and fix atmospheric N 2 . Therefore, biofertilization is of great importance in alleviating environmental pollution (Namvar et al., 2012 and Rana et al., 2012) . Inocula of Azotobacter sp. and Azospirillum sp. are used as biofertilizers for many crops. The estimated contribution of these free-living N fixing prokaryotes to the N input of soil ranges from 0-60 kg/ha per year (Vessey, 2003) . Existence of microbial communities like Azotobacter sp. and Azospirillum sp. in the rhizosphere promotes the growth of the plant through the cycling and availability of nutrients, increasing the health of roots during the growth stage by competing with root pathogens and increasing the absorption of nutrients and water (Daneshmand et al., 2012) . Kizilkaya (2008) , Sary et al. (2009) and Kandil et al. (2011) studied the effects of inoculation with Azotobacter sp. and Azospirillum sp. on wheat and observed that inoculated wheat plants gave higher plant height, spike per unit of area, grains per spike, grain weight, biological yield, grain yield and straw yield. Saini et al. (2004) and Piccinin et al. (2013) suggested that integrated nutrient management strategies involving inoculation of seeds with Azotobacter sp. and Azospirillum sp. in combination with chemical fertilizers result in improving both growth and yield of crops. Inocula of organisms which act as biofertilizers are prepared in different forms (in suspensions or on solid organic matter) and are marketed commercially under different trade manes. In Egypt one of such products is Cerealin (produced by Ministry of Agriculture, Egypt) which consists of inocula of N 2 fixing strains of Azospirillium lipoferum and Bacillus polmxa. Another product is Microbin which consists of N2-fixing microorganisms along in the Pdissolving microorganisms (El-Kramany et al., 2000) .
Nitrogen is the most important essential nutrient in plant nutrition. It is a constituent of a large number of necessary organic compounds such as amino acids, proteins, coenzymes, nucleic acids, ribosomes, chlorophyll, cytochrome and some vitamins. Thus, N supply to the plant will influence the amount of protein, cell size, leaf area and photosynthetic activity (Diacono et al., 2013) . N fertilizer causes positive effect on the number of grains spike -1 , spike weight, 1000-grain weight and grain yield of wheat (Campuzano et al., 2012 and Liu and Shi, 2013) . Namvar and Khandan, (2013) found that high rates of N fertilization and biofertilizer (Azotobacter sp. and Azospirillium sp.) inoculation increased grains number spike -1 , 1000-grain weight, grain yield, biological yield and grain protein content of wheat plant.
The current investigation aimed at assessing the effect gamma irradiation, different nitrogen rates and biofertilizers on nitrogen utilization as well as some plant characteristics, yield and yield composition of barley (Hordeum vulgare L.) c.v Giza 123 grown on a sand soil.
MATERIALS AND METHODS
A field experiment on barley was conducted at El-Khattara region El-Sharkia Governorate, Egypt during winter season 2009 / 2010 to investigate the effect of gamma-irradiation as well as the effect of nitrogen fertilization and biofertilization of barley plants (Hordeum vulgare L.) c.v Giza 123, grown in a sandy soil. The chemical analysis of soil of the experimental field (30cm depth) showed sand, silt and clay as 91.8, 6.0 and 7.6%, respectively (sand in texture), having EC in its saturation extract of 0.77 dS m -1 and contents of CaCO 3 and organic matter of 7.5 and 7.8 g kg -1 , respectively. Available macronutrients were 18.5 mg N kg -1 (mineral N extracted by 2M KCl) 8.19 mg P kg -1 (extracted by Na-bicarbonate 0.5 M) and 29.4 mg K kg -1 (extracted by 1.0 M NH 4 OAc, pH 7.0) as described by Jackson (1958) Page et al. (1982) and Black et al. (1982) .
Prior to sowing, seed inoculation was carried out using biofertilizers of nitrogen fixing bacteria (NFB) and phosphorus dissolving bacteria (PDB). The first group of NFB: NFB1 are Azospirillum lipoferum and Bacillus polymxa in the form of the commercial biofertilizer "Cerealin". The second group NFB2 are Azospirillium braselence + Azotobacter chroccocum combined with PDB (i.e., phosphorus dissolving bacteria of Bacillus megatherium) are in a form of the commercial biofertilizer Microbin. Both produced by the Egyptian Ministry of Agriculture as inocula carried on organic, peat like substances to treat seeds. Seed inoculation was performed by mixing barley grains with the appropriate Cerealin and Microbin using Arabic gum as adhesive material. The coated grains were then air dried in shade for 30 minutes and sown immediately on 22 th of October 2009. The experiment was a 3-factor factorial split-split plot in a randomized complete block design with three replications. The plot area was 5 m 2 (2.5 X 2 m). Main plots, were assigned to irradiation, none, 20 and 40 Gy gamma irradiation, irradiation facility used was, cobalt 60 gamma chamber 4000-A-India, Egyptian Atomic Energy Establishment, (EAEE), Inshas, Egypt. Subplots were assigned to N: 0,119, 238 and 298 kg N ha -1 in form of ammonium sulphate, AS (205 g N kg -1 ) in three equal splits: 20 days after sowing, "DAS" (immediately after thinning), 40 and 60 DAS. Sub-sub plots were assigned to biofertilizers: none, Cerealin, Microbin and Cerealin + Microbin. Soil was supplied with phosphorus in form of Calcium superphosphate (67.6 g P kg -1 ) at a rate of 31 kg P ha -1 during seed bed preparation; and with potassium 119 kg K ha -1 as potassium sulphate (400 g K kg -1 ) in two equal doses 30 and 45 days after planting. Harvest was done on, 25 th of April 2010.
Dry matter and grain yield
At harvest, ten plants were taken randomly from each plot and tagged for yield assessment. Number of spikes, grain weight spike -1 and 1000-grain weight were measured. Plants were harvested, air dried, then straw yield, Mg ha -1 and grain yield, Mg ha -1 were measured. The following parameters were determined: (1) N, P and K content and uptake by plant (straw and grains). (2) Grain protein content was calculated by multiplying grain N content by 5.83 (Baker, 1979) . (3) Grain protein yield in kg ha -1 {protein content g kg -1 x grain yield Mg ha -1 }. (4) Harvest index % by {grain yield / grains + straw yield) x 100}. (5) Nitrogen harvest index (NHI) = Grain nitrogen uptake / Total nitrogen uptake (after, Nyborg et al., 1995) .
Methods of Analysis
Macronutrients content in plant were determined in aliquots of digested solutions resulting from the digestion of grains and straw samples by a mixture of concentrated sulphuric and perchloric acids after drying in an oven at 70° C as described by Ryan et al. (1996) .
RESULTS AND DISCUSSION

Effect of treatments on growth parameters and yield of barley Growth parameters
Table 1 reveals that the growth parameters of number of spikes m -2 , grain weight spike -1 and 1000-grain weight significantly increased due to gamma irradiation, N fertilization and biofertilization solely or in combinations. Farag and El-Khawaga (2013) reported that gamma irradiation of sesame and Napplication increased the 1000-seed weight. Namvar and Khandan (2013) reported that number of spikes per m 2 , number of grain per spike and the 1000-grain weight of wheat increased significantly by N-fertilization and biofertilizer inoculation. These results are in agreement with those of Sary et al. (2009) and Kandil et al. (2011) . There was no significant difference between the two gamma irradiation doses of 20 and 40 Gy for all parameters. As for N effect, there was the following descending order: N238 > N298 > N179 > N0 for grain weight spike -1 and 1000-grain weight. As for the number of spikes per m 2 , the order was N238 > N179 > N298 > N0. Regarding the response to biofertilization, the main effect followed a descending of: Cerealin + Microbin > Microbin > Cerealin > none for number of spikes per m 2 and 1000-grain weight; the order for grain weight per spike was: Cerealin + Microbin > Cerealin > Microbin > none.
The highest increase in number of spikes per m 2 (198%) and grain weight per spike (173%) were recorded in plants treated with N238 + (Cerealin+ Microbin) irradiated with gamma dose 40Gy. The treatment of N238 + (Cerealin+ Microbin) irradiated with 20Gy gamma irradiation caused highest increase in 1000-grain weight (104%).
Straw and grain yields
The data of straw and grain yield of barley plants are presented in Table 2 . The obtained results exhibited significant increases due to application of N, biofertilization, irradiation and their combinations compared to the non-treated plants. Low doses of gamma rays increase enzymatic activation, which result in stimulating cell division, and affects germination, and vegetative growth (Ashri, 2007) . The favorable effect of nitrogen fertilizer may be due to N stimulation of plant growth, which would increase the amount of light energy intercepted by leaves and increase photosynthetic pigments and photosynthesis, and in turn increase synthesized metabolites and consequently leaves and seeds (Wortman et al., 2011) . Growth promoting substances (phytohormones) which would be produced by these organisms play a key role in plant growth and promote seed germination and root elongation. Root development and proliferation of plants in response to biofertilizer activities enhance water and nutrients uptake (Kandil et al., 2011) and Joshi et al., 2012) . These results agree with those obtained by, Siam et al. (2013) and Piccinin et al. (2013) . Interaction effects of nitrogen fertilization rates and biofertilizer inoculation were significant for yields of straw, grains and grains + straw at all doses of gamma irradiation especially 40Gy which was superior to 20Gy gamma ray. A descending order characterized the effects of N fertilization on straw and grain yield as follows: N298 > N179 > N238 > N0 for straw yield and N238 > N298 > N179 > N0 for grain yield. As for the main effect of biofertilizer inoculation on grain yield; the order was: Cerealin + Microbin > Cerealin > Microbin > without. For straw yield, the main effect shows no significant difference.
Table1: Yield components of barley as affected by gamma irradiation, biofertilizers and N rates
The maximum (grains + straw) and grain yields (19.0 and 9.28 Mg ha -1 , respectively) were achieved due to application of N238 + (Cerealin + Microbin) when irradiated with 40Gy gamma ray and the corresponding increments over the non-treatment plants were 164 and 176%, respectively. With respect to straw yield, the greatest value (10.2 Mg ha -1 ) was observed due to addition of N179 + (Cerealin + Microbin) with 40Gy gamma ray irradiation giving increases of 166% over the non-treated. 
Harvest index
Values of harvest index as affected by gamma irradiation, N fertilization and biofertilizer inoculation whether applied solely or in combinations are shown in Table 3 . Grain harvest index, varied between 25.0 % to 67.7%. The plants treated with N238 + Cerealin under gamma irradiation dose of 20Gy gave the highest value while those of the non-treated gave the lowest value.
Gamma irradiation increased the harvest index. Difference between the 20 and 40Gy were an average not significant. As for the N rates, the main effect followed the order: N238 > N179 > N298 > N0. Main effect of biofertilizers shows a slight increase over the non-biofertilized with no significant differences between Cerealin and Cerealin + Microbin or between Microbin and the non-biofertilized.
Grain protein content and grain protein yield
It can be seen from results presented in Table 3 that the protein content of barley grains significantly increased owing to application of gamma irradiation, N fertilization and biofertilizers inoculation. Siam, et al. (2013) pointed out that protein content in wheat grain increased with high rates of mineral N fertilizer up to 238 kg N ha -1 . Rahimi and Abdallah (2011) stated that gamma irradiation increased protein content of wheat grain and that 25 and 50Gy gamma irradiation produced the highest grain protein content. Namvar and Khandan (2013) reported that inoculation with Azotobacter sp. and Azospirillium sp. increased wheat grains protein content by 10%. The current results are in agreement with those reported by Abedi et al. (2010) and Rana et al. (2012) . The main effect of irradiation shows increases and that the 20Gy dose was superior to the 40Gy dose. As for N fertilization, the main effect shows increases and that there were significant differences among the N rates; application of N238 was not different from the N298 treatment in majority of protein content. A descending order characterized the effects of biofertilization on protein content and is as follows: (Cerealin + Microbin) > Cerealin ≥ Microbin > non-biofertilized.
The highest increase in protein content (71%) was recorded in the plants treated with N298 + (Cerealin + Microbin) + 20Gy. The second highest (66%) was in plants of N238 + Cerealin + 20Gy.
Regarding the grain protein yield, results followed a trend rather similar to that of protein content.
The increase in protein yield could be attributed to the integrated effect of nitrogen plus bio effect of microorganisms such as N 2 fixing bacteria and Pdissolving bacteria increasing available nutrients for plant growth and accordingly maximizing the biological yield and grain quality of barley (Ewees and abdel Hafeez, 2010) . Also, exudation of plant growth regulators such as auxins, gibberellin and cytokinin by Azotobacter sp. and Azospirillium sp. bacteria (Vessy, 2003) contribute to such positive effect. The maximum protein yield of (1117 kg ha -1 ) was achieved due to N238 + Cerealin + Microbin with 40Gy gamma irradiation.
Results given in Table 4 reflected significant increases in the N concentration and uptake as affected by application of the treatments for straw and grain. The highest N content in straw and grain (11.85 and 24.9 g kg -1
, respectively) were produced by plants supplied by N298 + (Cerealin + Microbin) in combination with 20Gr gamma irradiation. Nitrogen content and uptake This indicates that the addition of mineral N at high rate in presence of Cerealin and Microbin has more availability and solubility for plant and increases the ability of plant roots to uptake more elements in plant tissues by increasing the levels of nutrients in rooting zone (Hassan et al., 2009) .
The main effects of gamma irradiation, N-fertilization and biofertilization show the following: 40Gy > 20Gy; N238 ≥ N298 > N179 > N0 and (Cerealin + Microbin) > Cerealin ≥ Microbin >without.
Highest N uptake by straw (110 kg ha -1 ) was obtained under applied treatment N179 + Cerealin with 40Gy gamma ray which caused an increase of 244%, while the highest N uptake by grain (191 kg ha -1 ) was recorded in the plants treated with N238 + (Cerealin + Microbin) with 40 Gy gamma ray representing an increase of 208%.
Efficiency of applied N
Efficiency of the applied nitrogen for the different bio and irradiation treatments were calculated and the results are shown in Table 5 . 
Nitrogen harvest index, (NHI)
NHI which is the N uptake in grains in relation to the N-uptake in grains + straw followed a trend of increase up to N238 followed by a decrease at N298. The main effects of gamma irradiation, N rates and biofertilizer treatments showed a descending increase in the order: 20Gy ≥ 40Gy; N238 ≥ N298 = N179 > N0; Cerealin ≥ Cerealin + Microbin ≥ Microbin ≥ without. Alves et al., (2003) found no significant effect of N applications or bio inoculation on NHI values for soybeans. The lowest value of NHI (0.41 kg kg -1 ) was recorded for the untreated plants. Low NHI indicates low N translocation from shoots to grains and this might be because of the high N requirements of barley plants inoculated with Cerealin that received 238 kg N ha -1 and irradiated with 20Gr gamma ray recorded the highest NHI value (0.82 kg kg -1 ) indicating 36.7% increase compared with the same treatment which received N179 and this indicates high translocation of N from shoots to grains. Fig. 1 presents the response of barley grain yield to nitrogen fertilization under three levels of gamma irradiation (A) and Biofertilization (B). As seen in the Fig.1 (A) , the grain yield increased with increasing N rate up to 238 kg N ha -1 with 0Gy irradiation and 20Gy gamma ray irradiated and then decreased gradually. Under 40Gy irradiation, it increased with increasing N rate up to 179 kg N ha -1 then decreased the rate of increase with 40Gy gamma ray in combination with nitrogen rates was higher than the other irradiation of 20Gy gamma ray.
Response curve
The biofertilization increased grain yield when N was increased up to N238 and then decreased. The rate of increase in grain yield for the Cerealin + Microbin with N rates application was higher than the other bio treatments.
Phosphorus uptake
Phosphorus content and uptake by barley straw and grain increased significantly as a result of N application, biofertilization and irradiation (Table  6 ) singly or in combinations. The positive effect of biofertilization is due to increased availability of P (Metwally, 2000) . These findings are in agreement with those reported by El-Sebaey (2006) and Ibrahim et al. (2008) .
The main effects of gamma irradiation, N application and biofertilization showed a descending increase for P uptake by grains in the order: 40Gy > 20Gy; N238 ≥ N179 ≥ N298 > N0 and Cerealin + Microbin > Microbin ≥ Cerealin > without.
The highest P contents of 2.35 and 6.87 g kg -1 in straw and grains, respectively were observed due to N238 + Microbin with 20Gy gamma ray and N179 + Cerealin irradiated with 40Gy gamma ray, respectively. The highest P uptake values for straw and grains (15.71 and 59.16 kg ha -1 , respectively) were obtained in plants treated with N238 + (Cerealin + Microbin) with 40Gy gamma ray and N179 + Cerealin with 40Gy gamma ray, respectively.
Fig.1:Response of grain yield (kg ha -1 ) of barley to nitrogen rates as affected by gamma irradiation doses (a) and biofertilization (b)
Potassium uptake
As shown in Table 7 , K content and uptake in straw and grains followed a rather similar as trend of that for N and increased significantly owing to application of gamma irradiation, nitrogen application and biofertilization. As for the effect of irradiation with gamma ray, the mail effect shows 40 Gy > 20Gy gamma ray. The main effect of biofertilization shows: Microbin + Cerealin > Microbin > Cerealin > without biofertilization. The Main effect of N shows the order: N238 ≥ N179 ≥ N298 > N0 for K content in straw; N179 > N298 ≥ N238 > N0 for K content in grains; N298 > N179 > N238 >N0 for K uptake by straw. The pattern concerning response of K-uptake in grains is N179 ≥ N298 ≥ N238 > N0.
The maximum values of K uptake by straw and grain (62.87 and 35.06 kg ha -1 , respectively) were obtained due N238 + (Cerealin + Microbin) with 40Gy gamma ray for straw and N179 + Microbin irradiated with 40Gy gamma ray, for grains. Increases were 173% and 213%, respectively over the non-treated. 
CONCLUSION
The nitrogen rate of 238 kg N ha -1 when applied in combination with biofertilizers for plants irradiated with 20 or 40Gy gamma ray was superior to the other rates for enhancing barley yield and nutrient uptake. Biofertilization using N 2 -fixing bacteria with or without P-dissolving bacteria could reduce requirements of chemical N-fertilizer with no toxic substances accumulating in the food chain. Reducing chemical fertilizer play a great role to protect environment from chemical pollution. 
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